Saponins, natural plant compounds exhibiting health benefi ts, were extracted from B. vulgaris L. cultivar (cv.) Red Sphere and separated by high--speed counter-current chromatography (HSCCC) in a new solvent system composed of: TBME-BuOH-ACN-H 2 O (1:2:1:5, v/v/v/v). The system was used in the head-to-tail mode. The fl ow rate of the mobile phase was 3 mL/min and the column rotation speed was 860 rpm. The retention of the stationary phase was 47%. The LC-MS/MS analyses were performed for the identifi cation of separated saponins in the crude extract as well as HSCCC fractions,.
INTRODUCTION
The widely described health benefi ts of red beet root (Beta vulgaris L.) have led to increased scientifi c and consumer interest in this vegetable [Chhikara et al., 2019; Clifford et al., 2015; Nemzer et al., 2011] . Red beet is rich in several bioactive compounds which can be useful in the treatment of many diseases, such as hypertension, atherosclerosis, type 2 diabetes, and dementia [Clifford et al., 2015; Nemzer et al., 2011] .
Beet root is a rich source of highly bioactive saponins which are associated with haemolytic [Voutquenne et al., 2003] ; molluscicidal [Huang et al., 2003] ; anti-infl ammatory [da Silva et al., 2002] ; antifungal, anti-yeast activity, and antibacterial [de Lucca et al., 2002] ; as well as with antiparasitic activity [Traore et al., 2000] . They exhibit also cytotoxic, antitumoric [González et al., 2003] , and antiviral effects [Gosse et al., 2002] .
Saponins are divided into two groups: steroidal saponins and triterpenoid saponins. Some authors distinguish a third group called steroidal amines or steroidal alkaloids [Bruneton, 1995] . Triterpenoid saponins are a common group of saponins consisting of a triterpenoid aglycone containing 30 carbon atoms and comprising a pentacyclic structure [Sparg et al., 2004] . Triterpene saponins are glycosides containing one or two sugar chains connected via an ester to C-28 or ether to C-3. According to the literature, hexoses, pentoses, 6-deoxyhexoses, and uronic acids are primary sugar units in triterpene saponins. Moreover, the uronic acid moiety is bonded only to C-3 [Mikołajczyk-Bator et al., 2016; Yoshikawa et al., 1996 Yoshikawa et al., , 1998 ]. So far , oleanolic as well as hederagenin, akebonoic, and gypsogenin aglycones were identifi ed in red beet roots [Mikołajczyk-Bator et al., 2016] .
The profi le of triterpenoid saponins in the roots of red beet cv. Red Sphere (Beta vulgaris L.) was previously studied using reversed liquid chromatography and mass spectrometry by Mroczek et al. [2012 Mroczek et al. [ , 2019 and 13 saponins have been described wherein 11 compounds contained oleanolic acids aglycone. Another research on saponins in red beet root cv. Nochowski was that by Mikołajczyk-Bator et al. [2016] , wherein 44 saponins were characterized, including 22 compounds that were described for the fi rst time ever. Moreover, 27 saponins, which contained oleanolic acids aglycone, were identifi ed using the LC-MS/MS/MS technique.
The structural characterisation of triterpenoid saponins in the roots of red beet is very diffi cult and time-consuming due to the complexity of the matrix [Mikołajczyk-Bator et al., 2016; Mroczek et al., 2012 Mroczek et al., , 2019 , therefore, fractionation of the crude samples enables faster and more accurate identifi cation of signifi cantly preconcentrated saponins [Thakur et al., 2014] . High-speed counter-current chromatography is a very important technique in the separation of natural plant compounds [Jerz et al., 2008 Spórna-Kucab et al., 2019; Wybraniec et al., 2009 Wybraniec et al., , 2010 which enables subsequent identifi cation of new structures of target compounds [Choi et al., 2015; Figueiredo et al., 2017] . Moreover, HSCCC is perceived as a rapid and convenient technique for the isolation of saponins [Thakur et al., 2014] . Additionally, it is worth noting that during HSCCC separations, no loss of target compounds arising from their irreversible adsorption onto the solid matrix is observed, often taking place in the conventional liquid chromatography, because mobile and stationary phases are liquids [Spórna-Kucab et al., 2013a 2018a,b] .
In this stu dy, a crude saponin mixture from Beta vulgaris L. cv. Red Sphere was separated for the fi rst time by semi--preparative HSCCC in a new solvent system. The HSCCC technique enabled the identifi cation of new saponins in Beta vulgaris L. cv. Red Sphere.
MATERIALS AND METHODS

Plant material and reagents
Red beet roots (Beta vulgaris L.) of cv. Red Sphere were purchased from a local market in Cracow in June 2019. The roots were grounded and forthwith extracted.
For the HSCCC experiments and for analytes extraction, HPLC-grade butanol (BuOH), tert-butylmethylether (TBME), acetonitrile (ACN), and ethanol (EtOH) were obtained from Avantor Performance Materials Poland S.A. (Gliwice, Poland). LC-MS grade acetonitrile and formic acid (purity 98%) were obtained from Sigma-Aldrich (St. Louis, United States).
Crude pigment extracts
Fresh and grounded in a blender (thermomix, Vorwerk, Wuppertal, Germany) roots from Beta vulgaris L. cv. Red Sphere (1.5 kg) were extracted by maceration three times for 1 h, using 1 L of 80% ethanol each time. The extract obtained was fi ltered and pre-concentrated by a rotary evaporator (Heidolph, Schwabach, Germany) at 25°C to 100 mL under reduced pressure. Then, the extract was loaded into an RP-C 18 cartridge pre-conditioned with ethanol and water. The cartridge was washed with water and then with 10%, 20%, 50%, and 100% ethanol. The eluates were pre-concentrated by a rotary evaporator at 25°C and freeze-dried. The eluates obtained were monitored by LC-DAD-ESI-MS/MS. Finally, 196.6 mg of saponins were eluted with 50% ethanol and 115.4 mg of saponins with 100% ethanol.
HSCCC separati on
The separation of saponins (Table 1) was accomplished on a semi-preparative AECS QuikPrep HSCCC J-type hydrodynamic chromatograph (London, United Kingdom) with 121 mL capacity and 2.0 mm i.d..
A new biphasic system consisting of TBME-BuOH-ACN--H 2 O (1:2:1:5, v/v/v/v) was prepared for the HSCCC run. The solvent system was prepared in a separating funnel. Required volumes of solvents were mixed in a separating funnel. Then, the two phases for the HSCCC separation were divided shortly before use and degassed by ultrasonication for 10 min. The upper organic phase was used as the station-ary phase and the lower aqueous phase as the mobile phase in the 'head-to-tail' mode. Per defi nition, this mode of separation is named reversed-phase comparable to C 18 -HPLC also using the aqueous phase as the eluting solvent phase [Spórna-Kucab et al., 2019; Wybraniec et al., 2010] .
The HSCCC column was entirely fi lled with the upper phase (stationary phase). The rotation of the HSCCC instrument was started at 860 rpm. Then, the lower aqueous phase (mobile phase) was pumped at a fl ow rate of 3.0 mL/min (K-501 pump, Knauer, Berlin, Germany).
After column equilibration, the sample solution was injected by an injection valve. This solution was prepared by dissolving 300 mg of the extract in 4 mL of the lower phase. The effl uent from the column was continuously monitored with a UV-Vis detector at 210 nm (Knauer). Twelve fractions were collected in a fraction collector (Foxy Jr., Knauer) at 2-min intervals and then analysed by LC-DAD-ESI-MS/MS (Figures 1-3 ). The HSCCC fractions were weighed after their pre-concentration on a rotary evaporator at 25°C and freeze--drying.
LC-DAD-ESI-MS/MS analysis
The eluates from the RP-C 18 cartridge as well as a crude extract ( Figure 1 ) and the HSCCC fractions ( Figures 2 and 3 ) were analysed by LC-DAD-ESI-MS/MS using an LCMS--8030 mass spectrometric system coupled to an LC-20ADXR pump with a gradient elution mode at 40ºC in the acetonitrile (A) and 2% aqueous formic acid (B) system: 5% A in B at 0 min, a gradient to 60% A in B at 12 min, then 80% A in B at 15 min. The injection volume was 5 μL and the fl ow rate was 0.5 mL/min. LC-DAD-ESI-MS/MS analyses were conducted on a 100 mm × 4.6 mm I.D., 5.0 μm Kinetex C 18 chromatographic column from Phenomenex (Torrance, United States).
The LC-MS/MS system was controlled with LabSolutions software (Shimadzu, Japan), which was operated in a negative mode, at electrospray voltage of 4.5 kV, capillary temp. of 250°C, and N 2 used as the sheath gas. Scan range was from m/z 100 to 2000. Argon was used to improve trapping effi ciency and as the collision gas for CID experiments. The collision energy for MS analyses was set at 50 V. In this study, the MS/MS analysis of the crude extract of Beta vulgaris L. (Figure 1 ) revealed the presence of thirteen acetal-, dioxolane-as well as pentose/hexose-type saponins. All of the identifi ed saponins and their MS/MS data are listed in Table 1 .
RESULTS AND DISCUSSION
MS/MS analysis of saponins
The saponins detected in our research are derivatives of oleanolic acid. The MS/MS data show the presence of fi ve acetal-and two dioxolane-type substituents, which have been never described in B. vulgaris L. cv. Red Sphere. These types corresponding to the cleavage and loss of the acetal-type substituent, respectively. The presence of the daughter ions at m/z 793 and 631 indicated the loss of the two hexoses from the structure of compound 2. The daughter ions at m/z 631 and 455 confi rmed the presence of hexuronic acid--oleanolic acid and oleanolic acid, respectively. Taking into account the above elucidations, compound 2 was identifi ed as Act-Hex-Hex-HexUA-oleanolic acid. The compound 2 has been never identifi ed in B. vulgaris L. cv. Red Sphere but was identifi ed in Nochowski cv. by Mikołajczyk-Bator et al. [2016] . Moreover, compound 2 was thoroughly described using NMR by Yoshikawa et al. [1996] who named it betavulgaroside V. 
Retention time (min)
Retention time (min)
Signal intensity (mAu) Signal intensity (mAu)
HSCCC separation of saponins The crude extract (300 mg) was fractionated by the HSCCC technique and 12 fractions were collected and analysed by LC-DAD-ESI-MS/MS analysis ( Table 2 , Figures 1-3) .
The HSCCC separation monitored at 210 nm ( Figure 2 ) was realized in a new solvent system TBME-BuOH-ACN-H 2 O (1:2:1:5, v/v/v/v) in a head-to-tail mode which corresponds to the reversed-phase mode in HPLC. Saponins were previously separated by HSCCC technique in a solvent system TBME-BuOH-ACN-H 2 O (1:3:1:5, v/v/v/v) showing retention of the stationary phase amounting to 35% [Thakur et al., 2014] , therefore, a new solvent system with higher retention was prepared. After the separation in the new solvent system, the retaining amount of stationary phase in the coil-system was calculated to be 47%. Elution order and separation effectiveness of saponins in the HSCCC and the C 18 reversed--phase HPLC were compared in order to demonstrate the complementarity of these techniques.
The most polar HexUA-Hex-HexUA-oleanolic acid (1) with the pseudomolecular ion [M-H]-at m/z 969 was eluted in fractions 8-10 and it was completely separated from Act-Hex--Hex-HexUA-oleanolic acid (2) with the pseudomolecular ion at m/z 1117. Separation of compounds 1 and 2 was not possible in the HPLC system applied due to their identical retention times, therefore, HSCCC allowed for their complete separation.
Likewise, compounds Act-Hex-Hex-HexUA-oleanolic acid (2) and Act-Hex-Pen-HexUA-oleanolic acid HexUA-oleanolic acid (13) ([M-H]at m/z 631), eluted as the last saponin in the HPLC, was not completely separated by the HSCCC technique but its different elution profi les in the HPLC and the HSCCC systems afford the possibility for its recovery using both techniques.
CONCLUSION
In this study, separation of saponins from B. vulgaris L., cultivar Red Sphere, has been realized for the fi rst time using high-speed counter-current chromatography in a new solvent system consisting of tert-butyl-methyl ether-butanol-acetonitrile-water. The previously described [Thakur et al., 2014] solvent system for the separation of saponins by the HSCCC had much lower retention of the stationary phase, therefore, the new solvent system had been prepared. Separation and concentration of the compounds during the HSCCC process enabled tentative identifi cation of 13 saponins by MS/MS technique. Nine saponins were detected for the fi rst time in B. vulgaris L. cv. Red Sphere. Additionally, saponin with the pseudomolecular ion [M-H]at m/z 969 has been tentatively identifi ed for the fi rst time and its possible structure has been proposed.
Analysis of the saponin elution order showed some tendencies. Acetal-type saponins were eluted faster than pentose/hexose-type saponins as well as dioxolane-type saponins. Moreover, the saponins differed in the elution order in the HPLC and HSCCC systems, therefore, their elution in HSCCC is rather dependent on the steric conditions than on polarity. The combination of the HPLC and HSCCC results in complementary elution orders and makes them a very versatile tool for the isolation of saponins which may open up the possibility of utilizing these compounds commercially.
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